GI axons (Thomson and Morris, 2002). In order to quantipotential synapses (Stepanyants et al., 2002a, 2002b) (Figures 2A-2C). Potential synapse between a pair of tatively characterize this difference, we used the tortuosity index T, which is defined as the ratio of the branch labeled neurons is defined as a location in the neuropil
where an axonal branch of one cell is present within a segment length L to the geometrical distance between its ends, R (see inset in Figure 1C and Experimental certain distance s (correlation scale) of a dendritic Procedures). Figure 1C shows tortuosity as a function of segment length L for axons and dendrites of PCs and GIs. Although tortuosity indexes for all four types of neurites are significantly different from each other, the most salient feature of this analysis is that axons of GIs are significantly more tortuous than axons of PCs for all considered values of L. Another difference between PC and GI axons and dendrites is in their average branch length ( Figure 1D , branch is defined as the segment between a bifurcation and an adjacent bifurcation or end point). Axon branches of GIs are significantly shorter than axon branches of PCs (p Ͻ 10 tween the arbors quantitatively, we used the number of This shift method destroys short-range correlation (if any) in branch positions between arbors while preserving branch densities within each arbor. We repeatedly shifted one arbor by a vector randomly chosen from a cube centered at the origin ( Figure 3A) . The size of the cube, 30 m on the side, was chosen from the following considerations. The shift has to be large enough to establish a different population of potential synapses (much larger than the correlation scale s ) and small enough to avoid altering arbor overlap significantly (much smaller than the arbor overlap scale of 100-200 m). Our results do not change significantly with variations of the cube size in the range of 15-40 m.
In Figure 3B , we show an example of the control distribution for the number of potential synapses obtained by performing 1000 random shifts of the dendrite relative to its original position. This distribution is obtained for the pair of axonal and dendritic arbors from Figure 2A at correlation scale s ϭ 0.5 m. In this case, the observed number of potential synapses (five) exceeds the mean of the control distribution (two), indicating the presence of correlation. spine. In contrast, no significant correlation is detected on the number of potential synapses at that scale, which include potential synapses at smaller scales. Consein PC-to-all pairs.
Although the cumulative p values for GI-to-all pairs in quently, a significant correlation at one scale may interfere with correlation at a larger scale and make it ap- Figure 4A drop below 0.05, this does not necessarily imply that correlation is significant, for two reasons. pear significant. To verify the significance of detected correlations, First, because we searched for correlations simultaneously at different scales, we increased the probability we relied on the fact that different correlation scales characterize potential synapses corresponding to shaft of finding correlation at one of these scales by chance. Second, correlation coefficients at different s are not and spine synapses. The majority of GI axon synapses are made on the shafts of GI or PC dendrites (Beaulieu independent. This is because C at a given scale is based layout of PC axons corresponds to the scenario in Figure Figure 6 .
Results of the Correlation Analysis of a Hierarchy of Connection Types (A) GI-to-all pairs are first divided into three classes according to connectivity: connected, potential self-innervations, and unconnected. These classes are further subdivided into connected and unconnected GI-to-PC and GI-to-GI pairs. In each of the resulting classes, correlation magnitude is calculated in the shaft and spine bin (mean Ϯ SEM). Highlights indicate significant correlation detected with the shift method. n is the numbers of analyzed pairs in each class. (B) A hierarchy of connection types for PC axon. No significant correlation is found in this case. Small numbers of pairs preclude the analysis of connected and unconnected PC-to-PC and PC-to-GI pairs.
1A. Small numbers of reconstructed pairs in this case behind such variability? First, although an axon may be on average strongly correlated with the combined precluded the analysis of finer subdivisions. dendritic field of its postsynaptic neurons, such correlaDiscussion Our results suggest the following view on the specificity of connections, schematically illustrated in Figure 7 . The anatomical substrate of synaptic specificity depends mainly on the presynaptic neuron class. PC axons do not show specificity in the layout of their branches, as indicated by the relatively low tortuosity, long branches, and no detectable correlations with postsynaptic dendrites ( Figure 7A ). However, this does not imply the absence of specificity in actual synaptic connections. This specificity can be achieved by making actual synapses with an appropriate subset of encountered dendrites. Indeed, our previous work showed that in different animals and brain areas the number of actual synapses made by PCs is a small fraction (10%-30%) of the poten- 
